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Abstract 
 
The performed investigations have resulted in conclusion that the vermicularizing treatment of ‘basic’ cast iron, consisting in 
‘conditioning’ the alloy by means of VLCe(2) master alloy, introducing the DENODUL5 master alloy, and graphitizing with SRF75 
master alloy, provides for obtaining vermicular graphite precipitates in the structure of material cast within 15 minutes’ period from the 
modifying treatment. The cast iron has been melted in the induction crucible furnace of medium frequency under industrial conditions. The 
alloy has been subjected to vermicularization in the slender ladle of 1 Mg capacity. Graphitizing has been performed in the course of 
transferring the cast iron from the slender ladle to the pouring ladle. A series of test coupons in the form of reversed U-blocks of test part 
walls 25 mm thick have been cast of the produced cast iron. Then specimens both for metallographic examination and for testing the 
mechanical properties have been taken from the coupons. The analysis of cast iron structure has revealed, among others, that however 
purely vermicular graphite precipitates occurred in specimens taken out of the lower parts of test coupon walls (which are cooled faster), 
the nodular graphite precipitates in quantity up to 10% could be observed in specimens from the upper parts of test coupon walls (located 
close beneath the sinkhead).  
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1. Introduction 
 
Vermicular cast iron is characterised by the graphite 
precipitates which take the intermediate shape between flake and 
nodular precipitates at microsections. It is important that the 
individual precipitates are separated like those in nodular cast 
iron. Both the vermicular shape of precipitates and the fact that 
they do not join one another (and do not create a graphite 
skeleton, as it is in the case of cast iron with flake graphite) 
influence significantly the properties of the considered material. 
Vermicular cast iron can be placed in the middle position between 
nodular cast iron and grey cast iron with regard both to its 
mechanical properties and its thermal conductivity, the latter 
being of great importance in practical applications of the alloy.  
Cast iron with vermicular graphite precipitates (nodular ones 
are allowed up to 20%; flake graphite is not permitted in the 
material) exhibits tensile strength within the range from about 
250  MPa to about 450 MPa, the value depending to the large 
degree on the type of metal matrix. The elongation is within 1% 
to 3% and takes lower values if the tensile strength of cast iron of 
greater. Thermal conductivity is also dependent on the alloy 
structure and usually falls within 30-40 W/mK.  
At first, in the fifties or even sixties of previous century and not 
very long after nodular cast iron had been invented, the vermicular 
cast iron was regarded as the ‘inaccurate’ nodular cast iron. Over 
the last several decades, however, there is still growing interest in 
the cast iron with vermicular graphite itself. Undoubtedly, the 
research work carried out most of all by E. Nechtelberger [1] has 
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of close study also in Poland [2-9].  
Vermicular cast iron is characterised by better tightness and fire 
resistance than grey cast iron; its advantageous feature is that it can 
retain reasonably good mechanical properties both in low and in 
elevated temperatures, though not of such a high value as it is for 
nodular cast iron [9]. Vermicular cast iron is applied for many 
machine parts which are expected to exhibit high strength combined 
with low sensitivity to dynamic loads. The material can be used under 
the conditions of large temperature gradients and thermal shocks, e.g. 
for cylinder heads of combustion engines, exhaust manifolds, ingot 
moulds, brake plates of high-speed railway vehicles and race cars, 
moulds for glass industry, gear wheels, and parts of machines 
subjected to vibration during their work [10-13]. Some methods of its 
production have been presented in References 12-15.  
Cast iron containing vermicular graphite can be achieved, 
inter alia, by introduction of cerium mixture or rare earth metals 
to the melt, by simultaneous adding of nodulizer (usually 
magnesium carrier) and anti-spheroidizing agent (mainly 
titanium), as well as by introduction of multi-component modifier 
MgCeAlCa (the so-called GM method). The technology of the 
considered cast iron consists usually of vermicularizing treatment 
and subsequent graphitization, and the alloy subjected to these 
operations should satisfy the specified demands with regard to its 
chemical composition and temperature [15]. 
Achieving of vermicular graphite precipitates in cast iron 
depends on maintaining the magnesium content of the treated 
material within a narrow range; it is generally accepted that it 
should be 0.015÷0.025%. Greater magnesium content induces the 
crystallization of graphite in the nodular shape; lower magnesium 
quantity results in the occurring of flake graphite in the structure. 
The basic difficulty in determining the quantity of magnesium 
necessary for the cast iron treatment is that generally it is not 
known how much magnesium would be ‘spent’ to bind oxygen 
contained in the cast iron, though such calculations (presented 
e.g. in Refs. 12-15) can be done for determining the quantity of 
sulphur entering into reaction with magnesium. This situation 
urges to pay particular attention to the method of producing the 
cast iron with vermicular graphite which includes ‘conditioning’ 
of cast iron; this stage precedes vermicularization and is a specific 
equivalent of cast iron deoxidation. 
 
 
2. Authors’ investigations  
 
The investigations have been aimed to determine the durability 
of the vermicularization treatment and to find out if there exists 
diversification of structure and mechanical properties of the alloy 
within the test part of the cast coupons. The alloy has been 
subjected to the three-stage treatment carried out by applying 
master alloys produced by SKW Company, Germany. Experiments 
have been performed in one of domestic cast iron foundries. 
The ‘basic’ iron has been melted in a medium-frequency 
induction crucible furnace of 3 Mg capacity with acid lining. After 
the alloy has achieved the assumed chemical composition and after 
the melt has been overheated up to the temperature of 1500°C, the 
cast iron has been transferred into the slender ladle of 1 Mg capacity 
usually applied for the process of cast iron spheroidizing. 
A  tundish-type cover has been used during the ladle filling 
operation, as it is practised during cast iron spheroidization by 
Thundish method [15]. The VLCe(2) master alloy has been 
introduced into the metal stream during the pouring of metal from 
the furnace to the ladle in order to cast iron ‘conditioning’. The 
vermicularizing agent DENODUL 5, placed at the ladle bottom in 
a suitable container prior to the ladle filling, has been the second 
one to react with the melt. Graphitizing has been carried out during 
transferring the cast iron from the slender ladle to the pouring ladle 
using the SRF 75 master alloy. After this treatment the test coupons 
of IIb type (in the form of reversed U-blocks) of the test part wall 
25 mm thick have been cast, according to the Standard [16]. A view 
of the test coupon with marked places out of which the specimens 
for strength tests have been cut is shown in Fig. 1. 
After each stage of modification and after finishing the mould 
pouring operation samples for examination of chemical 
composition have been cast in the brass die. However, taking of 
sample directly after ‘conditioning’ has not been possible because 
this operation has been coupled with the alloy treatment with 
DENODUL 5 master alloy, as it has been described above. The 
content of basic elements in cast iron has been determined by 
means of the FOUNDRY-MASTER emission spectrometer made 
by WAS AG Company. Evaluation of sulphur content has been 
carried out using LECO CS 225 analyser.  
 
 
a 
 
b 
Fig. 1. Test coupon of IIb type according to the Standard [16] 
(a) and schematically marked places out of which specimens for 
strength tests have been cut (b)  
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Chemical composition of the examined cast iron 
Content [%] 
Cast iron 
Time 
elapsedP
1)
P 
[min]  C Si  Mn  Cu P  S  Mg 
‘basic’ -  3.36  1.90  0.195 1.02  0.0503  0.0134  0.0014 
after 
vermicularizationP
2)
P  0 3.37  2.61  0.204  0.98  0.0538  0.0128  0.0340 
after  
graphitization  5 3.25  2.79  0.203  0.97  0.0527  0.0123  0.0184 
after finishing the 
pouring of moulds  15 3.27 2.80  0.203  0.98  0.0515  0.0127  0.0166 
P1) 
P time elapsed from the moment of pouring the cast iron into the ladle containing the vermicularizing agent DENODUL 5   
P2)
P the alloy has been subjected to ‘conditioning’ with VLCe(2) master alloy during pouring the cast iron into the ladle for vermicularization  
 
Chemical composition of the examined cast iron determined 
for samples acquired after subsequent stages of production and 
after casting of over 60 test coupons is given in Table 1. Pouring 
of the test coupons has been begun 4 minutes after cast iron 
graphitizing, i.e. 9 minutes after its vermicularization. The test 
coupons have been poured for 6 minutes. Specimens for testing 
the mechanical properties have been taken from the two test 
coupons cast at the very beginning of the pouring operation and 
from the two coupons cast as the last ones. While strength tests 
have been completed, samples for metallographic examinations 
have been cut out of the heads of the tensile specimens. One 
should notice that, both during the metallographic examination 
and during the strength tests, it has been taken into account if 
a particular specimen has been taken from the lower part of test 
coupon walls (which is getting cold faster) or from their upper 
part, located beneath the sinkhead (where the cooling proceeds at 
a slower rate).  
Graphite characteristics and the results of assessment of the 
pearlite and ferrite quantities in the cast iron under consideration 
are gathered in Table 2 . 
 
Table 2. 
Graphite characteristics and quantities of pearlite and ferrite in the 
examined cast iron 
Test coupon 
cast: 
Samples  cut out 
of the test 
coupon from:  
Graphite 
featuresP
1)
P 
Pearlite 
and ferrite 
quantitiesP
2
)
P 
upper part of the 
test wall  
90%IIIAU5U/6
+ 
10%VIA5 
P45 
Fe55 
at the 
beginning of 
pouring the 
test moulds   lower part of the 
test wall   IIIAU5U/6  P20 
Fe80 
upper part of the 
test wall  
90%IIIA5/6+ 
10%VIA5 
P45 
Fe55  at the end of 
pouring the 
test moulds   lower part of the 
test wall   IIIA5/6  P20 
Fe80 
P1)
P determined according to the Standard [17] 
P2)
P determined according to the Standard [18] 
Table 3 compares the results of mechanical properties testing, 
taking into account both the moment of pouring the test coupons 
and the place from which each specimen for strength tests has 
been taken.  
 
Table 3. 
Mechanical properties of cast iron 
Test 
coupon 
cast: 
Samples  
cut out of 
the test 
coupon 
from:  
RBm
B 
[Mpa] 
RBp0,2 
B[MPa] 
AB5 
[%] 
Hardness 
[HB] 
396 318  3,3  170 
398 321  3,5  162 
402 321  3,1  161 
upper part 
of the test 
wall  
407 325  3,3  175 
361 305  3,4  160 
368 307  3,5  171 
372 309  2,9  170 
at the 
beginning 
of pouring 
the test 
moulds   lower part 
of the test 
wall  
368 305  2,8  175 
382 313  3,1  168 
385 317  2,9  159 
383 317  2,9  167 
upper part 
of the test 
wall  
388 317  3,1  170 
363 303  3,2  166 
363 304  3,1  167 
363 306  3,1  162 
at the end 
of pouring 
the test 
moulds   lower part 
of the test 
wall  
355 290  3,3  170 
 
Figure 2 presents the shape and the size of graphite 
precipitates occurring in the examined cast iron, as well as the 
alloy microstructure. 
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Fig. 2. The shape and the size of graphite precipitates occurring in the examined cast iron (column I, the non-etched microsections) and the 
cast iron microsrtructures (column II, microsections etched with Nital); the specimens cut out of: 1) the upper part of the test wall of 
a coupon cast at the beginning of pouring moulds, 2) the lower part of the test wall of a coupon cast at the beginning of pouring moulds, 
3) the upper part of the test wall of a coupon cast at the end of pouring moulds, 4) the lower part of the test wall of a coupon cast at the end 
of pouring moulds 
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Comparison of mechanical properties of the examined cast iron, determined for specimens taken from the test coupons cast at the 
beginning and at the end of pouring the test moulds, concerning the place from which each specimen has been taken 
RBm
B, MPa  RBp0,2
B, MPa  AB5
B, %  Hardness, HB  Test coupon 
cast: 
Samples  cut 
out of the test 
coupon from:   Average 
value  R  R u   Average 
value  R  R u   Average 
value  R  R u   Average 
value  R  R u  
upper part of 
the test wall   400.8 11  321.3  7  3.30  0.4  167.0 14  at the 
beginning of 
pouring the test 
moulds 
lower part of 
the test wall   367.3 11 
3.0 
306.5 4 
2.7 
3.15 0.7 
0.27 
169.0 15 
0.1 
upper part of 
the test wall   384.5 6  316.0 4  3.00 0.2  166.0 11  at the end of 
pouring the test 
moulds  lower part of 
the test wall   361.0 8 
3.4 
300.8 16 
1.5 
3.18 0.1 
1.2 
166.3 8 
0.03 
 
 
Table 4 compares average values of the tensile strength RBm
B, 
the yield strength RBp0.2
B, elongation AB5
B, and hardness HB of cast 
iron, determined for specimens taken from the test coupons cast at 
the beginning and at the end of pouring the test moulds, 
concerning the place from which each specimen has been taken. 
Taking into account the data given in Table 3, the subsequent 
Table 4 presents the data enabling the comparison, by means of  
range test [19], the significance of the difference between average 
values of the considered parameters distinctive for specimens 
taken from either the upper or the lower part of the examined test 
coupons. 
The uBR
B values calculated for the purpose of this examination 
have been compared with the tabularized critical value. For the 
considered cases of n = 4 and α = 0.05 this value has been 
uBRtab
B = 0.813 [19]. 
 
 
Summary 
 
The treatment of ‘basic’ cast iron which has involved the 
initial deoxidation of the alloy with VLCe(2) master alloy, 
vermicularization with DENODUL 5 agent, and graphitizing with 
SRF75 master alloy has allowed for production of cast iron with 
vermicular graphite precipitates. 
Carrying out the first of the mentioned operations has resulted 
in the fact that the quantity of vermicularizing agent selected with 
regard to the sulphur content in cast iron has provided for 
achieving the magnesium content in cast iron equal to: 
-   0.034% after vermiculatization; 
-  0.018% after graphitizing. 
Further decrease of magnesium content in cast iron with the 
passing time has been relatively slow (conf. data in Table 1). 
Occurring of magnesium in the quantity of 0.016%-0.018% 
during the pouring operation has allowed for obtaining vermicular 
graphite precipitates in all of the poured test coupons (conf. 
Fig. 2). 
It should be noticed that though purely vermicular graphite 
precipitates have occurred in specimens cut out of the lower parts 
of test coupon walls (which are getting cold faster), the nodular 
graphite precipitates in quantity up to 10% could be observed in 
the structure of specimens taken from the upper parts of test 
coupon walls (i.e. located beneath the sinkhead and cooled at 
a slower rate; conf. the shapes of precipitates shown in Fig. 2 and 
the data in Table 2). Greater ferrite content in the cast iron matrix 
has been found in specimens cut out of the lower parts of test 
coupon walls (conf. microstructures shown in Fig. 2 and the data 
in Table 2). The remarks concerning the occurrence of some 
quantities of nodular graphite in the slower getting cold parts of 
the test coupons, as well as the observed greater degree of 
ferritization of those parts of test coupons which has been getting 
cold more quickly, are valid for the test coupons poured both at 
the beginning and at the end of pouring operation. 
The produced vermicular cast iron has been characterised by 
high mechanical properties. Its tensile strength has fallen within 
360 ÷ 400 MPa. The yield strength has been within the range of 
300  ÷  320 MPa, the elongation has reached about 3%, and the 
hardness 165 ÷ 170 HB. The relative high mechanical properties 
has been probably related to the occurring of copper in the 
quantity of about one per cent and to the resulting – to a certain 
degree – pearlitization of the matrix. 
The mechanical properties of cast iron poured at the 
beginning of pouring operation have been close to that of the cast 
iron poured at the end of this process. 
It is worth noticing that specimens taken from the upper parts 
of the test coupon walls have been characterized with higher 
strength properties (RBm
B, RBp0.2
B) than the specimens cut out of the 
lower parts of these coupons, and it has been the statistically 
significant difference (conf. uBR
B values given in Table 4 with the 
given tabularized critical value uBRtab
B). Slightly greater values 
reached by both of these parameters in the case of specimens 
taken from the slower cooled parts of the test coupons are 
probably related to the occurrence of the small quantities of 
nodular graphite precipitates in the alloy structure. Statistical 
study of the achieved results has shown that the location of the 
place from which the specimens have been taken with respect to 
the test coupon wall  height is of no practical importance for the 
assessment of both the elongation and the hardness of cast iron 
(conf. data in Table 4). 
The results of the performed examinations have proved that 
the three-stages vermicularization of cast iron, including the 
initial ‘conditioning’ of the alloy, makes possible the untroubled 
production of cast iron with vermicular graphite precipitates. It 
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from the moment of graphitizing without the danger that the effect 
of its treatment would decay. 
 
 
References 
 
[1] E. Nechtelberger, Gußeisenwerkstoffe. Eigenschaften 
unlegierter und niedriglegierter Gusseisen mit 
Lamellengraphit / Kugelgraphit / Vermiculargraphit im 
Temperaturbereich bis 500°C. Teil 1: Textband, Teil 2: 
Tafelband. Teil 3: Bildband, Ed. Fachverlag Schiele & 
Schön, Berlin (1977). 
[2] M. S. Soiński, Studies on production of the cast iron with 
vermicular graphite, Mat. of Scientific Symposium 
“Physical and Chemical Phenomena in Foundry”,  Zielona 
Góra – Przełazy, (1994) 47-52 (in Polish). 
[3] M. S. Soiński, Investigations of crystallization of low-
aluminium cast iron with nodular and vermicular graphite, 
Solidification of Metals and Alloys, vol. 20 (1994) 115-120 
(in Polish). 
[4] S. Pietrowski, Mechanism of crystallization of vermicular 
graphite in cast iron, Solidification of Metals and Alloys, 
vol. 37 (1998) 97-104 (in Polish). 
[5] S. Pietrowski, B. Pisarek, R. Władysiak, Alloy cast iron 
with vermicular graphite, Solidification of Metals and 
Alloys, vol. 37 (1998) 105-111 (in Polish). 
[6] M. S. Soiński, T. Warchala, Production of cast iron with 
vermicular graphite by treating the alloy with aluminium 
and cerium mischmetal, Solidification of Metals and Alloys, 
vol. 37 (1998) 119-124 (in Polish). 
[7] E. Guzik, T. Kleingarten, A study on the structure and 
mechanical properties of vermicular cast iron with pearlitic- 
ferritic matrix, Archives of Foundry Engineering, vol. 9, 
issue 3 (2009) 55-60. 
[8] E. Guzik, Structure and mechanical properties as well as 
application of high quality vermicular cast iron, Archives of 
Foundry Engineering, vol. 10, issue 3 (2010) 95-100. 
[9] P. Mierzwa, The effect of thermal treatment on the selected 
properties of cast iron with vermicular graphite, Doctor’s 
thesis, TU Częstochowa,  Faculty of Materials Processing 
Technology and Applied Physics, Częstochowa (2010). 
[10]  T. Warchala, Metallurgy and casting of cast iron. Part I, The 
structure and properties of cast iron, Ed. TU Częstochowa, 
Częstochowa (1988). 
[11]   M. S. Soiński, T. Warchala, Cast iron for moulds for glass 
industry, Archives of Foundry, vol. 6, No. 19 (2006) 289-
294 (in Polish). 
[12]    Sorelmetal, On the nodular cast iron, Ed. Metals 
& Minerals Ltd, Warsaw (2006) (in Polish). 
[13]    E. Guzik, Processes of cast iron refining. Selected 
problems, Archives of Foundry, Monograph No. 1 M, Ed. 
PAN, Katowice (2001) (in Polish). 
[14]    C. Podrzucki, A. Wojtysiak, Plastic non-alloy cast iron. 
Part II, Ed. AGH, Cracow (1988) (in Polish). 
[15]   T. Warchala, Metallurgy and casting of cast iron. Part II. 
Cast iron technology. Ed. TU Częstochowa, Częstochowa 
(1995) (in Polish). 
[16]    Polish Standard PN-EN 1563, Founding. Spheroidal 
graphite cast iron, Ed. PKN (2000) (in Polish). 
[17]   Polish Standard PN-EN ISO 945, Cast iron. Determining of 
features of graphite precipitates, Ed. PKN (1998) (in 
Polish). 
[18]   Polska Norma PN 75/H-04661, Grey cast iron, nodular cast 
iron and malleable. Metallographic examinations. 
Determining of microstructure, Ed. PKN, (1975) (in Polish). 
[19]  W. Volk, Applied statistics for engineers, Ed. WNT, 
Warsaw (1973) (in Polish).  
 
ARCHIVES OF FOUNDRY ENGINEERING Volume 11, Issue 2/2011, 133–138  138 